INTRODUCTION
Balance deficit is common in patients with stroke and can seriously impair their function in activities of daily living (ADL). Measuring balance is important for clinicians in selecting an appropriate therapy and evaluating treatment outcomes (1, 2). Moreover, a short and precise balance measure can both enhance administration efficiency and reduce the assessment burden for raters and patients (3).
To date, several balance measures have been developed for stroke patients; however, only a few measures achieve both brevity and precision, which are needed in busy clinics (4, 5) . Computerized adaptive testing (CAT) has been suggested to satisfy this need (6, 7). CAT chooses items tailored to an individual patient and skips items that are apparently too easy or too difficult for the patient (8). For instance, if a patient can stand independently, the computer "knows" not to ask whether he or she can sit without assistance. Instead, the computer asks whether he or she can pick up a pen from the floor while standing. Thus, CAT can achieve both efficient and precise assessments simultaneously. In recent years, CAT has been applied successfully to evaluate functional outcomes (e.g. lower extremity function, ADL function) in the rehabilitation field (9, 10). Hsueh et al. (3) have developed a CAT system for assessing balance function (Balance CAT) in patients with stroke. The Balance CAT takes only approximately 4 items (83 s on average) to complete, which is only 18% of the average time of the Berg Balance Scale (BBS) (3). In addition, it has sufficient reliability and concurrent validity with the BBS (3). Therefore, given the efficiency and preliminary psychometric evidence, the Balance CAT demonstrates great potential for use in both clinical and research settings.
To improve the utility of the Balance CAT, evidence on the other psychometric properties (e.g. responsiveness and predictive validity) of this measure is needed. The purpose of this study was to compare the responsiveness and predictive validity of the Balance CAT with those of a traditional balance measure, the Postural Assessment Scale for Stroke patients (PASS), in inpatients with stroke receiving rehabilitation. In addition, we compared the efficiency of the Balance CAT and PASS in terms of the number of items needed to complete the assessment.
METHODS

Participants
A sample of patients with stroke undergoing inpatient rehabilitation at the National Taiwan University Hospital were recruited from 1 
Procedure
The Balance CAT and PASS were administered to patients at admission to the rehabilitation ward and at discharge from the hospital. Both measures were administered separately by two occupational therapists in a counterbalanced sequence. In addition, both the mobility subscale of the Stroke Rehabilitation Assessment of Movement measure (MO-STREAM) and the Barthel Index (BI) were administered to patients at admission as well as at discharge. The MO-STREAM was administered by a research assistant, and the BI was administered by the patient's attending physician. All measures were administered within 24 h. All raters were blind to both the purposes of the study and results of each other's assessments during the study period.
Measures
Balance Computerized Adaptive Test. The Balance CAT (3) is a computerized adaptive test that can be administered through a personal digital device via the internet. This measure contains 34 easily administered items and was developed to evaluate balance function in patients with stroke according to their ability. Therefore, patients with different levels of balance function were assessed by different numbers of items (less than 34), which were tailored to each patient's individual level of ability. Of the 34 items, 26 items have 2 response categories (able or unable to perform a balance-related task). The other 8 items have 3 response categories (i.e. 0: unable, 1: able to complete the task but not smoothly, and 2: able to complete the task smoothly; alternately, 0: unable, 1: able to maintain balance while performing a task for 1-5 s, and 2: able to maintain balance while performing a task for more than 5 s). The original item response theory estimates of the Balance CAT are standardized scores ranging from -2.4 to 2.3. For easier interpretation, we further linearly transformed these scores to 0 to 10 (i.e. 0: the patient is not able to pass the easiest item: sitting with trunk support for 10 s; 10: the patient is able to pass the most difficult item: hopping in place on the more affected foot for more than 5 times). The reliability and concurrent validity of the Balance CAT are sufficient in patients with stroke (3).
Postural Assessment Scale for Stroke patients measure.
The PASS measure (11) was specially developed to assess postural control in all stroke patients, even those with very poor postural performance. The PASS contains 12 4-level (0-1-2-3) items of varying difficulty that grade performance while maintaining or changing a lying, sitting, or standing position. Its total score ranges from 0 to 36. The psychometric properties of the PASS are satisfactory in patients with stroke (11, 12).
Stroke Rehabilitation Assessment of Movement instrument.
The STREAM instrument (13) evaluates the motor and basic mobility function of patients after stroke. It consists of 30 items equally distributed among 3 subscales: upper-limb movements, lower-limb movements, and mobility subscales. The psychometric properties of the STREAM are satisfactory in patients with stroke (13-15). In this study, only the mobility subscale (MO-STREAM) was used. This 4-point (0-1-2-3) subscale contains 10 mobility items, including rolling, bridging, supine to sitting, sitting to standing, standing for a count to 20, placing affected foot onto first step, 3 steps backward, 3 steps to affected side, 10-m walk, and walking down 3 stairs. The total score for the MO-STREAM ranges from 0 to 30. The responsiveness of the MO-STREAM is sufficient for use with stroke patients (16). The MO-STREAM was used to examine the external responsiveness and predictive validity of the Balance CAT proposed in this study and the PASS.
Barthel Index. The BI, a measure of the basic ADL function, includes 10 fundamental items of ADL: feeding, grooming, bathing, dressing, bowel and bladder care, toilet use, ambulation, transfers, and stair climbing (17). The total score ranges from 0 to 100, with 3 categories of disability using the following cut-off values: severe (0-50), moderate (51-75), and mild to no disability (76-100) (18). The reliability, validity and responsiveness of the BI are sufficient in patients with stroke (19, 20) . The BI was used to test the external responsiveness and predictive validity of the Balance CAT proposed in this study and the PASS.
Statistical analyses
Score distribution. The score distributions of the Balance CAT and PASS were examined. The floor effect is the percentage of the sample scoring the minimum possible score, whereas the ceiling effect represents the opposite extreme (21). Floor and ceiling effects exceeding 20% were considered notable (22).
Internal responsiveness. Internal responsiveness can be defined as the ability to detect change over a pre-specified time frame, in which the characteristic measured changes naturally over time or due to proven interventions (23). Two approaches were employed to examine the internal responsiveness of the Balance CAT and PASS in the periods between admission to the rehabilitation ward and discharge from the hospital. First, effect size d was defined as the observed mean change score divided by the standard deviation of the baseline score. An effect size d greater than 0.8 was large, 0.5-0.8 was moderate, and 0.2-0.5 was small (24). Secondly, we used the Wilcoxon signed-rank test to determine the statistical significance of the change in scores. In addition, a sample size of 35 was needed for an effect size d = 0.5 with statistical significance (p < 0.05) to achieve 80% statistical power.
External responsiveness. External responsiveness can be described as the relationship between change in a measure (i.e. the two balance measures in this study) and change in a reference measure of function indicator (i.e. basic ADL and mobility in this study) (23). If the relation is substantial, change in the measure can reflect a patient's functional change and support its external responsiveness. To examine the external responsiveness of the two measures, the changes in the BI and MO-STREAM scores during rehabilitation stay were both chosen as external criteria. A simple linear regression analysis was conducted to investigate the association between the change in score of the Balance CAT/PASS and the change in score of the BI/MO-STREAM. The values of β and r 2 represent the extent of the external responsiveness (23). A value of an r 2 between 0.25 and 0.64 was defined as moderate association between the changes in score of these measures, indicating sufficient external responsiveness of the Balance CAT and PASS (25).
Predictive validity. Predictive validity describes the ability of a measure to be a valid predictor of some future health-related criterion (26). An instrument with good predictive validity can help clinicians make a prognosis (26, 27) . For example, scores on a sitting balance measure at an early stage can predict ADL function at a late stage (2, 28-31). We determined the predictive validity of the Balance CAT and PASS by the strength of the associations between the scores of the two measures at admission and those of the BI and MO-STREAM at discharge. The level of the associations, which was examined using the β and r 2 in simple linear regression analysis, indicates the strength of the predictive validity. In addition, the r 2 indicates the extent of the explanatory (predictive) power. Greater than or equal to 25% explanatory power (r 2 ≥ 0.25) was considered to indicate sufficient predictive validity of the Balance CAT and PASS (25).
RESULTS
Participant demographics
A total of 140 patients were originally recruited in this study. Fifty-five patients were lost to follow-up because they declined further participation or were discharged early, without notice. Eighty-five patients completed both assessments. These patients were not significantly different from those lost to follow-up in terms of demographic characteristics (i.e. age and gender) or balance-related functions (i.e. scores of the PASS, Balance CAT, BI, and MO-STREAM) (p > 0.07). In addition, these 85 participants had a wide spectrum of balance deficits (PASS: min-max = 0-36). The BI median score at admission was 30 (min-max = 0-90), indicating that most of the patients had severe disability. The Balance CAT took approximately 3 items (min-max = 2-4) to estimate a patient's balance function at admission and discharge. Moreover, the median times for the Balance CAT were 61 s (min-max = 23-132) at admission, and 62 s (min-max = 15-110) at discharge. Further characteristics of the patients are shown in Table I .
Distribution of scores at admission and discharge
In terms of score distribution, neither the Balance CAT nor the PASS showed a notable floor or ceiling effect at admission (< 15%). However, the percentage (12.9%) of the participants achieving the lowest score on the Balance CAT was higher than that (2.4%) on the PASS at admission. Neither measure displayed a notable floor or ceiling effect at discharge (< 10%).
Internal responsiveness
The changes in score between admission and discharge of the Balance CAT and PASS were generally large and similar (effect size d = 0.87-0.90; Table II ). The changes in the two measures were all significant (p < 0.001). Table II shows that change in score of the Balance CAT/PASS had fair association with that of the BI (r 2 = 0.20). The association between change in score of the Balance CAT and that of the MO-STREAM was moderate (r 2 = 0.44). Moreover, the association between change in score of the PASS and that of the MO-STREAM was also moderate (r 2 = 0.59). Table II shows that the admission score of the Balance CAT/ PASS had sufficient explanatory power to predict the discharge score of the BI (Balance CAT: r 2 = 0.33; PASS: r 2 = 0.39). The admission score of the Balance CAT/PASS also had sufficient explanatory power to predict the discharge score of the MO-STREAM (Balance CAT: r 2 = 0.57; PASS: r 2 = 0.63). We conducted the power analyses of Wilcoxon signed-rank test and simple linear regression analysis for our sample size (85), and the statistical powers were all above 99%.
External responsiveness
Predictive validity
DISCUSSION
We examined two types of responsiveness in this study. We found that the changes in score between admission and dis- charge (i.e. effect size) of the Balance CAT and PASS were both large. The results indicate that the Balance CAT and PASS had high internal responsiveness in inpatients with stroke receiving rehabilitation. Regarding the external responsiveness of both measures, the change in score of the Balance CAT/ PASS exhibited a moderate association with that of the MO-STREAM. In addition, the change in score of the Balance CAT/ PASS exhibited a fair and significant association with that of the BI. That is to say, improvement exhibited in the Balance CAT and PASS reflected a substantial functional change in mobility, and a significant functional change in ADL in stroke patients. These results support the external responsiveness of the Balance CAT and PASS. These findings demonstrate the value of the Balance CAT and PASS in measuring the recovery of balance function in stroke patients.
Our results showed that the Balance CAT and PASS had similar internal/external responsiveness. These findings are important and useful for clinicians and researchers in choosing between competing measures. In comparison with other traditional balance measures, the PASS has shown slightly better internal responsiveness than the BBS (12). However, the Balance CAT required completion of only 3 items (25% of the items of the PASS), demonstrating the efficient administration of CAT. Due to a similar responsiveness, using a more efficient measure (i.e. the Balance CAT) can not only reduce the assessment time, and thereby the burden on raters and patients, but also maintain adequate power to detect a statistically significant finding.
Early prediction of a patient's functional status is important for patient management (e.g. setting treatment goals and plans). We found that the Balance CAT and PASS at an early stage (i.e. within 3 months) could predict basic ADL and mobility at 1 month on average after the first assessment. Moreover, the predictive powers of the Balance CAT and PASS for basic ADL and mobility found in this study may have clinical utility because of their sufficient predictive powers (r 2 > 0.3). According to previous findings, the PASS has already shown good predictive validity (11, 12) . However, the Balance CAT, with fewer items needed, showed a predictive validity comparable to the PASS. These observations strongly support the predictive validity and clinical use of the Balance CAT.
Our results also showed that the predictive powers of the Balance CAT and PASS (assessing balance function) at admission were high for the MO-STREAM (assessing mobility) and moderate for the BI (assessing basic ADL function) at discharge. Similarly, Hsueh et al. (32) found that the balance function of patients with stroke at admission to the rehabilitation ward had high correlation with walking performance at discharge. Compared with the high predictive validity for mobility, the moderate predictive validity of both balance measures for basic ADL function might be expected. It could be that the basic ADL function of a patient depends on several factors (including balance, motor function, cognition, age and environmental context) (2, 33). Therefore, clinicians should consider conducting a comprehensive evaluation of the related factors at an early stage to provide better patient management in basic ADL training.
We found that neither the Balance CAT nor the PASS showed a notable floor or ceiling effect in the subjects at admission, indicating that both measures assess a wide spectrum of balance deficits. However, the Balance CAT showed a slight floor effect in the patients at admission. Therefore, the Balance CAT may have less discriminative ability for patients with extremely poor balance, who are more likely to be found at an early stage of stroke. Nevertheless, the Balance CAT did show sufficient responsiveness in our participants at a sub-acute stage. Thus, the slight floor effect of the Balance CAT seems not to affect its ability to detect balance improvement.
This study has 4 limitations. First, we examined the responsiveness of the Balance CAT and PASS only on inpatients with stroke receiving rehabilitation. In addition, most of the patients were severely disabled. Further studies are needed to examine the responsiveness of the two balance measures on stroke patients with higher levels of functioning to further validate our findings. Secondly, we investigated the predictive validity of the Balance CAT and PASS only on basic ADL function in stroke patients. As instrumental ADL (e.g. meal preparation, shopping) is suggested as another primary outcome after stroke (34), further studies are needed to examine the predictive validity of the two balance measures on stroke patients' instrumental ADL to further promote their utility. Thirdly, we did not record the time needed to complete the PASS, so we could not compare the average time of the Balance CAT with that of the PASS. Further studies should include the time information to further validate the efficiency of both balance measures. Fourthly, a large number of patients were lost to follow-up (i.e. 39% of the original recruitment), which reduced the size of our sample (i.e. from 140 to 85). Although we compared patients who completed the study with those who did not, the large number lost to follow-up may affect the generalization of our findings.
In conclusion, the results of this study provide strong evidence that both the Balance CAT and the PASS have sufficient responsiveness and predictive validity in inpatients with stroke receiving rehabilitation. Due to the short assessment time, the Balance CAT is thus suggested for use in patients with stroke in both clinical and research settings.
